Purpose: To investigate the origin, composition, and persistence of the interface particles that frequently are observed after LASIK.
After LASIK, brightly reflecting interface particles frequently are observed using slit-lamp biomicroscopy [1] [2] [3] and are reported in almost all LASIK patients when examined using in vivo confocal microscopy. [3] [4] [5] [6] [7] [8] [9] These interface particles may come from several sources. However, the particles generally are thought to be introduced by the microkeratome blade, because they have been reported to be present after incision without subsequent excimer laser treatment. 4 Speculations on the particle source include biologic debris from the ocular surface, 1, 3 powder from surgical gloves, 1 remnants from industrial processing of the blade, 4 and metal fragments from the steel blade. 3, 6 Still, the exact composition and origin remain to be established. The clinical consequences of interface particles are largely unknown. However, such particles are likely to interfere with the excimer laser photoablation and may have visual consequences because of unwanted light scattering. Furthermore, they may give rise to toxic or allergic reactions and may play a role in the development of diffuse lamellar keratitis. 4 Obviously, deposition of interface particles should be avoided. The aim of the present study was to establish the origin, composition, and persistence of interface particles after LASIK.
Case Reports
Four patients received myopic LASIK (9-mm diameter flap; 6-mm diameter photoablation) using a Supratome microkeratome (Schwind, Kleinostheim, Germany) and a MEL 70 G-Scan excimer laser (Asclepion, Jena, Germany). The patients underwent surgery using 2 separate but identical microkeratome units (2 patients each unit). All treatments were performed using disposable Supratome blades (no. 19407) provided by Schwind. The LASIK interface was evaluated at varying time points over the Figure 1 . A, B, Slit-lamp biomicroscopy of a patient 3 months after myopic LASIK showing multiple, brightly reflecting particles (arrows) at the interface. High-resolution biomicroscopy of the patient at 3 months (C) and 12 months (D) demonstrating an unaltered particle distribution (yellow circles). Note the small nerve branch (arrowheads) that acts as a biologic landmark. course of 1 year using slit-lamp and in vivo confocal microscopy (Tandem Scanning Corporation, Reston, VA). 10, 11 At all examinations, slit-lamp biomicroscopy demonstrated numerous brightly reflecting particles scattered throughout the interface (Fig 1A, B , arrows). These particles remained at the same positions during the 1-year observation period (compare Fig 1C, 1D, circles) . At the flap edge, persisting interface particles also were observed (Fig 2) . Interestingly, the particle density varied topographically along the edge and was highest where the microkeratome blade had first entered the cornea. This variation may be related to particles being generated and deposited on the blade during microkeratome testing immediately before surgery. Using in vivo confocal microscopy, reflecting interface particles were similarly demonstrated with no changes in morphologic features, distribution, or density up to 1 year after surgery (compare Fig 3A with 3B , and Fig 3C with 3D ; circles). In the flap center, the particle density seemed uniform, with approximately 5 to 10 per field of view (450 ϫ 340 m), giving a total of 2100 to 4200 particles beneath a 9-mm diameter LASIK flap. Most of the particles were less than 5 m in diameter; however, a few were up to 30 m (Fig 3) .
Materials and Methods
In 4 New Zealand White rabbits (weight, 4.5-5.5 kg), a monocular, 9-mm diameter, hinged corneal flap was cut using a microkeratome (Supratome). Surgery was preceded by anesthesia as previously reported, 10, 11 and the study was approved by the Danish Animal Experiments Inspectorate. To avoid environmental contamination of the interface, the flap was not lifted and the animals were examined immediately after surgery, using in vivo confocal microscopy. Two rabbits were evaluated monthly using confocal microscopy and were killed after 4 months by injecting sodium pentobarbital 150 mg/kg. The corneas (central 10-mm diameter) were excised, embedded in Tissue-Tek (Sakura, Tokyo, Japan), and snap-frozen in liquid nitrogen. Serial cryostat cross-sections (thickness approximately 5 m) were cut, air dried, fixed in acetone for 10 minutes, and evaluated using fluorescence microscopy. The remaining 2 rabbits were killed immediately after surgery and the corneas were excised using a diamond knife and plastic forceps, followed by freeze-drying of the tissue. The iron contents of these 2 corneas and the 2 unoperated, contralateral corneas were measured using graphite furnace atomic absorption spectrometry (courtesy of the Danish Technological Institute, Aarhus, Denmark). The mineral composition of the metal part of the microkeratome blade was determined using energy dispersive xray fluorescence spectroscopy, whereas the plastic part was analyzed using infrared and Raman spectroscopy (courtesy of the Danish Technological Institute, Taastrup, Denmark). Light and fluorescence microscopy were used to examine the microkeratome blade and motor head before and after oscillation in air for 2 full passes (simulating 1 test pass and 1 cut), as well as for multiple passes. Both microkeratome units were examined. In the serial sections, interface particles were detected by fluorescence microscopy, and their chemical composition was identified using Raman spectroscopy and Coherent Antistokes Raman Scattering microscopy.
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Results
Immediately after the microkeratome incision, in vivo confocal microscopy of rabbit corneas revealed numerous particles (up to 30 m) at the interface, even though the flap had not been lifted. In vivo confocal microscopy of 2 LASIK patients demonstrating numerous brightly reflecting interface particles with unaltered localizations (circles) at 3 months (A) and 6 months (B), and at 1 month (C) and 12 months (D), respectively. Note that the background reflectivity decreases over time as a result of wound repair. The slight variation in particle morphologic features is related to sampling differences. Bar ϭ 100 m.
The morphologic features, distribution, and density of these particles remained unchanged throughout the 4-month observation period (Fig 4) and were similar to those observed in patients in the year after undergoing LASIK (Fig 3) .
Using energy dispersive x-ray fluorescence spectroscopy, the microkeratome metal blade was found to consist of chromiumalloyed steel containing more than 85% iron, 13% chromium, and less than 2% of other elements (copper, nickel, manganese, and silicon). Atomic absorption spectrometry of 2 operated rabbit corneas (total dry weight, 30.6 mg) showed an iron content of 10.1 g per gram of tissue. This iron content was less than the 14.3 g per gram detected in 2 unoperated corneas (total dry weight, 20.3 mg). Assuming that operated corneas contain an average of 8 spherical particles (with an average diameter of 3 m) per field of view (450 ϫ 340 m), the iron content attributable to metal particles in 1 cornea (9-mm diameter flap; 12.5 mg dry-weight) would be approximately 25 g iron per gram of tissue. Thus, LASIK interface particles do not seem to be of metal origin.
On the unused microkeratome motor head and blade, only a few particles were observed using light or fluorescence microscopy. However, after oscillation in air for 2 full passes (simulating 1 test pass and 1 cut), numerous fluorescent particles were scattered over the microkeratome blade (Fig 5A, B) , the number increasing with further oscillation. Interestingly, the only fluorescent part of the microkeratome blade and motor head was the plastic segment of the blade that showed the same fluorescent properties as the particles (Fig 5C, compare with Fig 5B) . Using infrared spectroscopy, the plastic was shown to be polyetherimide. In histologic serial sections, interface particles could be identified and were observed to emit fluorescence identical to that of the plastic section on the microkeratome blade (Fig 5D, E , compare with Fig 5C) . Using Coherent Antistokes Raman Scattering microscopy, these particles exhibited molecular resonance at 1780 and 3100 cm Ϫ1 (Fig 5F) and no resonance at 2400 cm Ϫ1 , in accordance with the Raman spectrum of polyetherimide.
Discussion
The present study demonstrates that plastic fragments are a major source of interface particles after LASIK. Numerous small plastic fragments (up to 30 m) are generated by the oscillating microkeratome and introduced into the interface during surgery. The underlying mechanism may be related to: (1) mechanical interaction between the eccentric metal pin on the motor (Fig 6A, arrow) and the plastic groove on the microkeratome blade ( Fig 6B, arrow) ; and (2) friction between this plastic and the blade housing of the motor head (Fig 6C, arrow) . Thus, friction between the plastic and metal parts during high-speed oscillation (approximately 10,000 rpm) seems to generate plastic fragments that are scattered on the microkeratome. It should be noted that 2 separate but identical Supratome units were examined and yielded similar results. A comparable microkeratome design is currently used by other manufacturers, and reflective interface particles have been observed using other microkeratomes. 6 -8 Thus, it is likely that several types of microkeratomes may shed polymers (polyetherimide, Teflon [DuPont, Wilmington, DE], etc.) below the flap during LASIK.
The short-term and long-term clinical consequences of plastic particles at the interface are largely unknown. However, particles in the stromal bed can interfere with the excimer laser beam during photoablation, giving rise to irregularities in the tissue ablation profile. Interface particles also may disturb corneal wound healing, may cause toxic or allergic reactions, or may induce diffuse lamellar keratitis. 4 Furthermore, interface particles may have direct visual consequences as a result of unwanted light scattering. Because plastic is not readily degraded in a biologic system, the fragments are likely to stay at the LASIK interface. Indeed, the present study demonstrates that the particles have the same morphologic features, distribution, and density during the first year after surgery. This observation is in accordance with a previous study that reported a constant density of interface particles for the first year after LASIK. 7 Thus, any direct impact of the plastic fragments is not likely to disappear over time.
In summary, the current study demonstrates that thousands of small plastic fragments (up to 30 m) are generated by the metal and plastic interaction inside the oscillating microkeratome. Such plastic particles are introduced into the LASIK interface, where they persist and may have direct consequences for the clinical and visual outcome. Development of new microkeratomes should be encouraged.
